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bdol 3m3seMo domIstYMHId0 ool 395MoLmdols JsMmgsdo:

350 B0DoMEMy0©Ho Bsxgdzegdo, Msbsdgmmazg 8330390MEIdJd0 s
dmdsgsero 39ML39gdEH03900

6060 bmbsdz0mo?; mgmbs dsabodg?

199030-356:0ME®A0 9535009303MU .3.0mFMM0d30¢0L 3¢obogs; *MD,MSc,PhD

BB BHo

Ggbsgogo:  amol  JOmbozwmao  M30500Lbmds  (pds)  HoMImoagbl  0sbsdgrdm™mazg
X 9bs330L 9H-9MHm» 360936900M356 2odMf)3935L, GMIgEoE SBMEFOMYOIMWO0S 9535MIOL,
1033000¢05B6MBOBS s 2ob3JMMHYPdODO  IMB30EIWODBIE3o0L  ToBgdol 30369 M350
HoL3Mb. J0bYs3500 39000359963 MM0 MJMI300L A9MBXMOJLJOOLS, 353096EMs bsfoero
15890306M LY MEGO0EIB Fofigeol T9dgy 33Ws3 039mxzgds ©Y3MA39bLsEOOL
3505¢0 G®ob3ol 9390. sOLYdIMYWo OLEBE0WOO Fmbo@MmMobyol Igmm©9do, dsm FmMob
Lbbgmeol mbol ymggareom®o 3mbE®mmeo s Lod3@mdgdol ™M300mdgxnsligds, bdoMo
39060 MBOHM6390ymxl  Lombol  J9353900L5  ©@d  FowrBH3ol  3mbaglEGooL  sMgE
2093w gbsl. ol ©930560LMdOL JoMM30L JMM-9MH0d B350 A5TM{3935L HomBmowqbL
900gMdoMmgmdol  gow99MgLgdol  sEMGMEo  250M3wgbs,  goblozmm®mgdom 03 9EI3bY,
O3 3005MHYdS Lombol F9393905 S BOWEH30L 3MmbALE0s, MMI3s 3KobozMMo
10333H™dg00 X IO 30093 F0b0T>WIM S SGOL FodMmbsEoO.

3OLgdMEo Imbo@mEMmobyol dgomgdo, dsom FmMol bbgmeol fmbols gmgzgwomon®o
30b6GHOHMwo s LoI3BHMIGOOL  MZ0MTGBILYDS,  YM39gmM30lL 3960  MHBOWBlgYmaL
3500MB0DOMEMYO0MOO (33620 GdGO0L SOMIME 0©IBEGHOTB0EOMYOS.

dmem  fengddo  ogOmo  xbIOMIE™MdOLs ©s  bgwmgbm@o  0bdgwgdBol  (Al)
3996009008 4963005609358  F9ddbs  sboewo  Fglodegdmdgdo  JHmbozmero
055350090990l OLEBE0MOO FsMmM30LMZ0L. Foo MOl QoBLOIMMNOGdIME 0bEHIOHJLL
0(1393L 3m350OHO d0MI639MHGd0 — bIoL 531BE0IMMO FobolinsmMYdgdOL Lsgzdzge by
900900 3053OMo 06©0353HMMId0, MMIGdoE Fglodems sbobogal MmMAsbobaol

RBODOMEMA0O (330 GIGOL.
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30D560: §0bsdgdstg dodmbozol 0Bsbos Mol v385GolMmdOL FsMM3500 MO0
00m356 3960930l 259myqbgdoll  3smMBOBOMEMPONHO  LOxMIZegdol,  MIBITgEMM3ZY
3w0bo3mmo 933039090900, 39JJbmEmyomMo Jgledewgdemdgdols s sMLYdMWwO
2993939000 J9z35L90d.

3900mEOMEM05. RGOS BMdEGH0MO 0BG IOHIo Jodmbogs. wodgMsdwmol
9d0g0ds gobbmM 09w s PubMed/MEDLINE, Scopus cos Web of Science dmbsgdoms dsbgddo.
dogdobol  2odmygbgdmeo 0dbs d90ga0 ULogzsbdm GHg®mdobgdo: ,heart failure®, ,vocal
biomarkers®, ,voice analysis®, ,artificial intelligence, ,digital biomarkers®, ,remote monitoring*“.
d0MO0MOPO Y5000 05 90 dm 2020-2025 Hengddo godmdzgybgdme 33¢9390L, OHMIEgdos
0835190696 339 MO FoboliosMYOEIGOOL  35300ML ol 305MHOLMdOL  30bol e
9003356 gMdLmB, 3MB30EIOBIE300L MOLIMB s OLEBEMMO dmboBm®mobyol
d9L5d g3 MDYIB.

do6M0ms0 3036908900

3MLgdME0 330093900 30POMYGAL, MM bV 2560339990 539LE0IMNM0 FoHILOSMYOWGdO
dgloderms 93930060930 0gml 4ol 9305M0LMdOL  EOML  A9B30mIMgdM
R0DOMMMAOMO (3300090900, MG  BOMTM3YMHYIOL  bsobTo  BJoMo
2990099gb9gds 0bgmo 356M539EHMJd0, OMYMOOE3S: X0BIMo (jitter) ogo FomImowagbl bdol
3318GH037M0  9Bswobol 1Ib0dzbgEmzobgl  3565FgBHOL. X0GIMO  gsdmoyghgds Lobdm
009900 30865300l F03MHM-5M51E900MOMBOL Fgboxslgders, dodgmo (shimmer) 803gGo
(Shimmer) sGob 3960l 533¢roGHMEOol  (b3s850EmdOL) 3gMHOMPYIEO  (335¢BSOMBOL
LsBM0., 356MHIMb0S-bToM@OlL MobogoMomds (HNR), d9@Ey3zgargdol boBdstg, xmbsgool
bsbaMdeogmds,  393Y39wgool  3oHgdol  LEGHMMIGHMOS.  bgwmgzbme  0bEgwgdd g
53391369085 5eaMMH0mMIG0Ts 583965 Tglodwgdemds, 499Mmog3w0bmb Hdol olgmo d060y
(3300990, MMIWwgd0oEg JLsdwms  ©9353006MJOM0  0yml 4ol 3d56H0LMdOL

2990353900L 5O 9BS390Msb.

099939, 5OBYOIE0 I3H30EJIOMEY0Jd0 XIO 300093 s FOMMIOL T5EHJO0M LGNGO,
39BLO3MMEMGBom  FoMOMIsLIBS00b0, M3 E3gbGHBMo s  gablbgoagzgder

30391005(3090D9 BoGoM9000 330939000 b5d5Egd0m.

©o336s:  3mIdMEO  BOMTM3YMYO0  [oMmTMoaabl  39ML3gdEBoME B0 gdSL
BOBROME 35MHPOMEMY05d0. J0Hg35 0d0Ls, MMT 53 9BS3Bg 0Lbobo 396 Bs9Bs33W9d9b
3ol 9930560LMdoL  BEAHBIOGHMW 3006036 Tgxusligdsl, Tglsdargdgwros  Fsmo
2990996905 OHMYMEOE F5BHIO0MO 305300 0BLEHMTIBEHOL 35309DbGHS OLEBEoMMO
9mboGM®0byoLs s MM MOLZoL Tgi3slgdolm3z0L. M35 do LoFoMms sTSEJOOMO

33193900 o0 30006039600 9839JEGHIOMOOL, LEBMMBOLS S YM39EPVONH 30503500
06@9365300L dgLsdegdMdgdOL Tglogzsligdes.
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153356dm  Bo@Yzgdo: 2ol ©305MOLMBY;  3M3IOMMO  domdsem39Mgd0; bgwmgbm®o
0639w 9d3H0o; 3oBOMOo d0MmIsM39M900; OoLEBE0WEOO dmbodm®mobyo; BAol Bswobo;
BOBOM0 X SBIOMIEMdS; 39OLMboswobgdmo dgoiobs.

1. Bgbsgogo
370l 99305M08Mds oMo abl  3m33egdue  3obolzme  Lob®mMAL, M™mIgeos

30026©Yds ol LHOIIJOIOTwo 36 FbJsorco ©6R3I39dol dgrgpse @ ofj3agL
300l Jogh MmMQs60HAol T93sdMmEMo IMmMbM3bogdgdol 3059Ma0EgdoL MbIGOL

©5939000935b.

56599060 Mm39 1gM030wo doMIgdol, 50 Mol sBF0MmEI6DoboL M9393BHMOOLS s
69360@oBoboll  0630d00FM™MOGIOL,  39GO-0™3gMHJOoL,  F0BIMSMIMEEH03IMOOIEO
69393GHMM900L 55E3MboLEBHIO0LS s SGLT2 0630003HMMm9d0l godmygqbgdol dowbgwsgs,
3M0lL  m30560H0LMdOL  ©)3mA3gbLoEos 33weg MRGdS 330G DIE00l  gPm-96M
doMoms dobyHBs.

3ol 30560L6MdoL  493(353900 bAoMO® 9O  3005MEJds  IMmEbgws. bIo
9900mbgq35d0 Hob MLHOgol 056smbmdomo 390m©0bsd03MH0 (33000 gd9d0, dsm GOl
3290l do®Ebgbs Bobgza®do dg3Lgdol [jbg30L To3gds, 3960 LolEYIob A9IBHIMMIS S
g0 30l 9993900L 3OHMYMgloMmgds.

36Mdgdsls HomBMmoagbl ob, HMA s0bodbmwo 33w0wgdgd0 Fglsdems 3sbzomsMgl 0d
3960m©do, HMmEILLE 353096 XM 300093 56 543U godmbo@o bod3@madgdo 6 dsmo
06@9bL03MdS 5M5153856MOL0S S 353096G0 396 THGMbGOL 53 9BH33BY 9J0TMb 353806,
306500056 19309dEH MM X IO o3l 5T530594MBOEIGOSE AOHABMAU.

3003935930l BHEMSOE0Wo JJ00MEYd0, OHMPMOOES Lbgmwols ffmbol dmbodm®mobyo,
3OGYO0Mo 1630l 3mbGH®MEo s Lod3GHMIgdol dgisligds, 960d369wmzsb Bl
LOWMWGOL  3530963H00L  FoOm3sdo,  mwdgs oo  FYMIbMBdJMds  SEEYMO
(33090930 50m3w bolsl 9gbwmos.

50 gmbbg  goblogmm®mgdme  3600369wmdsl  0dgbl  3ogOMEO  B0MING3IGMOOL
396300006905, 30x3OME0  B0MBsM3gMH0  FoMTMmogbl  MdOgIBHME©  gobmIzs
RBODBOMEMA0O 96 J39300 dMboi3gdl, GMAgEoa Fglsdwgdgaros 993MM3IL (0BOWIO
9fymdomdg00L LydsEgdom s 459MmYgbgdIeo 0gbsls X 96IO MY MdOL dEYMIsMrgMdOL
999359d0Lm300.

3M3509M0 30MmFoM 3960900 58 F0FMMYgdol GHM-9MMO sbowo BGgMHMS. 5sd0sbol bds
096000y gbl O doMWMYoE Loabsl, MGMIYJBYE 293wgbsl sbgbl Lalmbodo
LobGgdol B3mbdiEos, bAol 0MmYgdols 303630, BgoO™MINL MMM 3MbGHOM®WO s BmYswo
RBODBOMEMA0OH0 IEAMTSMMOS.
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b9wm3bvmHo 0bGHJmgd@Bobs ©s BsbdobmEmo LHogwgdol swymO0mTgdol 496300569350
d9Lodegdgero gobos bdol Logbswrgddo sGBYdMEo I30609 33X0WgdGO0L 53GHMISGIM0
50dmPgbs s sbsEroBo.

99L505305, 3™ 35COHO BOMTIMIGOGOO 260bOWGds HMAMEO 3 3BHIB30MM0 ITsEHJOO0MO
0bLEGHMMIY6GHO ol ©33560LMdOL IJmby 3530963JO0L OLEHBEOWMO Fmbo@mMobyols
5 8gMAsMgMdOL 5QEMJMI0 (33K°0GdJO0L 25dM3wgbolmgzol.

2. 33500 30MB>M3gMGO0L 3500MBODBOMEMPOMEMO B5BYd3¢gd0 4ol M3asMOLMdOL
@O 50530560L bds [omBmoygbl 3mA3wwgdume domEwmyon®  Logbswl, MmIols
3mOI0MY0S ©IMI0IOME0s Lolwbmdo LobEgdol, bmGmbol, bgMzweo MYAMWE00LS s
3996003560 53565@0L 3MMOboMGOME B6J30mboEMdSBY. Tglsdsdols, bgdolidogemo
0003M3s6gMds, MMIJGOE 293 gbsll sbgbl bLybmdzol dgdsbolzs®y, 3590l bs3zobBg b6
ambs300l 3OMmEglBY, dgloderms s50LsbMmL BAoL 53MBEH03MO Tobolosmgdgdby. Aol
3956H0LMdOL POML A56305MOMwo 39dMmEP0bITOZNMO (33003900, 23bLS3MNMIJO0M
3omEbgbs Hobogmalis s FoGbgbs 3s63mFdo (B30l ToBgds s BowG3ol 3964960
LoLBHYIOL  29IGH30MOMZS,  FoMTMogbl 08  Jgbsderm  dgdoboBdgdl,  HMBgEm
L5TMOEGI0MIF 993500 JOOL 3OMYMILOMYOS Tglodems 50Lsbml bdm3sb Logbsw By.

3600369035605 500608bML, HM™MI 3m35MM0 3310w dgd0 o6 FoMTMmoygbl gmeols
30560bMdoL  B3gE0x803MNO b60dsbl s dsmo 0bEIM3MYBHIE0s by Tmbogl Lbgs
30060396, sdMmMGMO0ME ©s 0bLEHMMIYBEH ML FMmbo3g990msb JOHPNMIWOMdSTO.

2.1. goen @30l 3mbggliBos s MYL30MSEGHMOIO (33E0wYdGd0
30L 39560H0LMdOL O™, 256L3POJI0M ol oMEbgbs MH9dTo s39dol iBggzol

353905 ©5 IMEMWMI0MO  2osBH30OM35  0fi393L 396990 LoLiBgdols @S  Fow@GH30L
393056 Jugerdo 30MMLESG03M0 (B30l Fo@gdsb.

0909250  99bsdegdgos  gob30m0MmEIL:  Bow B30l  0bGHIOLGHOEOMo 9983909,
3396~ 35300M)C0 0560960 (33090990, 3o @30l Jumgzowols
90 3bG03OMIOL 9993060905, HIB30MIGHMOYIWO IBHI0MMZ0L BOS. BowE30l 893193905
2930965l sbgbl Lybmdlzol 3O MELBY s Fglsdwms 2sdmofzomb: Lbomdzol LobdoMol
(330w gdy,  393HY39wgool  OML  Lbmdzomo  3smBIOoL  gobdoMmgds, boby®mdeogo
A 5Hgd0L Fo0dmmddol Mbs®ol 9993060905, 89¢Y39wgdol LygMmnMm b0 3oL (33¢0Egds.
50b0dbmwo (3300w adgdo 90degds Solsbml bdol Logbswols olbgo 3s0589@MdBY,
HMIW9d03 39380609005 393Y39wgdol HOGHIMD s BMbI300L MO30L9dMYdJO™B.

2.2. 530U o®dmgadbol oBomErmy0s s ol ¢1395M0oLMdIlmsh dglsderm 3530060
bdol Fo6dmgabs 95379196905 oA doMoMs© 3M3MbgbE:

1. ®9L306M5@MmO Mo LoliEgds — MHBOHB3gmygmRL 35960l 6535000l ddMSMdL
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2. bemMbo s bdol 0900 — 49M5gdbol 35960l 653500l bdm3s6 300M3E05©
3. MBMbs@HMEOMmo LolGgds — g9bLsBE3M3L bdol FH9gddmLs s baeobbl.

370l 3956MH0LMdOL EOML  MHJL30MSEHMOMEo LobEgdol BMbIE30MmO (33K 0wgdgdo
F9Lod My 293096l sbgbgl bdols o®Bmddbols 306:MmdgdBY. dsgseoms: 89930Mm9dwwo
ABowE30L  IMEEMmds,  39BOEowo  bbmdzomo  dosgrolbdgzs,  35960L  bs3sol
3MBBHOOOWNMHMOS.  glodrms 393000900 0yl Bmbs300L 3300 gdOMSb.
065990Mm3g  Al-Bg  ©s83dbgdMmo  LobGgdgdo 3Fow™mdb  LHmMgo o3 dzocy
(33090930 g58Mm3gbsls, MM gdoa dgbsderms dowmomgdEaL 353096E0L B9bJz0Oo
9003M3s6gmdol  AooMgligdsbg Fobsdg, LBsd obgz0msM©9ds 93390060 3eobozm®o
Lod3GH™Igdo.

2.3. 33502960 BHMSIEHOL (330090930 s BMbS300L FsbslosmYdEgdo

bdol  boGolbo  sIM30IOMos  bIol  0mygdol  30dMBEFOOL  MYAMIIOMEIMISDY.
300053000 30m39LBY 253egbsL sbgbl: Jumzool garsliBo3MMHMds, m®mffmgsbo gomLol
900569 ™ds, 396003560 LOLEBHYIOL AEYMTSMYMDS, 359MH0L Bs3owo.

30L  9930560LMd0L  IJmbg  35309639dd0  LoLEBHYIMEOTs BOBOMEIMAOOTs BEBHMYLAS,
Lombol  35¢sblol (3300 gd9dds s MHJL30MSGHMOMETs  OGHZOOMISd  Jgloderms
298M0§30mL bdol oligmo FobsliosmgdEgdol 33e0wgds, MHMAMMO359: Bdol 39MH0MEEMdS,
59303MolL bESO0EMMMdS, bdmgsbo Logbswrol Lolbwagmsgy.

099939, 5OBYOME0 IMb5(399900 J0OMYOL, HMA 50B0TBO (3300WY39d0 MBOM TJEHo©
0o6M8Mo9bL 3mI3egdlvOHO BoBoMEMYOMEO ByMsMmYMdOL 0H0d sh396909¢ls, 3069
O™ 40l )335600LMdOL B3xE0R03MO JoM33GML.

2.4. 356:000-3M35¢0M0 Lob®mdo (MmME6gMHoL Lobo®M™do)

32100 S Aol 33003900l VOO 35330M0L gOHM-9M M0 OBEMO0MESE 36MmdoEo
35250M05  39MPOM-3M35¢ Mo Lob®™do, sbggg @Ebmdowo Gmymez mOEbIOOL
LObMMA0. 50b0dbMO FEYMT>MYMBS 30MMJdS F5d0b, MHMPYLOE 3w-LolbedsG3Ms
LAOMIGHIOJOOL go535035 0fj393L Jotrzbgbs bedbol bgdgzol (left recurrent laryngeal nerve)
303360 9L0sL, OMIgEoE BsGHMI0MMI© FOOL SMMOEHOL M350l 308EYdIMIE, MOL A5TM3
239633000 35mMEMA0MH0  8aMmdsMgmdgdool  MOml  Jglsdergdgeros  dobo
33360 9L05.3000603Ms© gl Fgodergds 250m3wobogl 9o Lod3GHMIgdom: bdol

Bobeghs, $HgddMOL 3300905, BMbs300l ©sd39009ds.
2.5. 3350060 30MmI5M339M900 OHMAMOE 3M33egdumGo oxMMEo Logbswo
9600836903560, HMI 0565990MM™39 0AMTJO0 56 3000WMdL 9O mo 3Mb3M9gEHwo bdols

3565993HM0L  958mygqbgdol 0sabmliBozolm3zol. bgwrmgzbmMo 0bdgwad@ol dmogwgdo
3565e0Hg09b IM535MOEbBMZ56 Fobol0sMYOEGOL JOHPMI035, s dmMol: LobdoMom
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3sbsli050gdEdL, COHMOm FobolosmMgdgdl, 13gdBO T obsLosMGPOGOL, dgEY39egdols
©0653035b.

506095, 3M35OHO d0MmIsM3I N0 MBOM LHMEOI© Mbs Fobobowgdmoal HMymME3
365350350539 BHMMEo  30BOMEO  3O0MBoEro,  OmIgoz  dLvbogl  353095G0L
RODBOMEMA0IMH0 IEAMTSMJMOOL (33¢00EG0JOOL SEBIDMASL.

3. bgerm3696m0 06@&gegd@o s bdol 30BMWEo s63eoBol FHgdbmermaogdo

BOBROMo XBIOMI™dOL  39dbmermyogdol LHMsxds gsb30mscmgdsd 860d369crmgbo
309BIMNMZS BOMEMA0OHO Bogbswrgdol 459mygbgdols dglodwgdermdgdo 5350 OO0
dmboBHMO0byols s Molizol LEHMIEGH0B03S300L 3OMmEgudo. 53 3mbGJuGHTo 3Mm3IsMO
00m3563960900  [oMIMoygbl  3083OWWO  BomIsM3gMHGOOL  GOHM-9Mm  AB30MMGdS©
900500990935, Mol Bsx3d39W035s 5sd0sboL BIMZs60 LogbsErols GHom@YbmdMH0Z30
5650D0 I SM30SE0S 35MMBODOMEMY0YE BEYMTIMGMOYOMNID.

bdob s650BOl M653gMHM3z9 LOLEYIGdO 9g3r9dbgds bgarmzgbm®o 0b@gwrgd@ob (Artificial
Intelligence, Al), 35635660 Lfsgangdols (Machine Learning, ML) s 0®3ds Lfjsgangdols (Deep
Learning, DL) oeam®omdgdl, ®mdwgdog d9Lsdwmgdgel bool 9mombiogbowgdosb
01900 FobslinsmJdgdoL 53EMTGME 9JuBHOOJE0L, OHMBYEMS A50M3w9bs MO E0YO
Ldgbomo FgRsLYd0m  FgdwgdYE0s.  3MIOMEO  Bswobol doGomso  3MobiEodo
90069 mdl 09530, GMI 393HY39wgdol Logboswo {omBmMoqbl Moz s6DMI0gd056
9mb539dms 9o ml, MMIgeoi 9903936 06830MHT5300L HMYMO 3 BMbsE00L 3MM3gLoL, s1g39
91306 5EGHMOI0 S 6JOOMIMLIMNWMOHO BMB300L Tglobgd.

3.1. 579000mLogbseols 3083M¥ME0 53853905 s FsbslinsmYdEYdOL gJuiEGHGMSI30d
3Mm35WOH0  d0MIsM39M900L BsoBol 306390 9305 9I0MBORBIOL  (3083OXYO
050853905, bdmgsbo Bsbsfgmo 2560H@o04dbgds 30x3OWM@ dmbo3gdgds®, Mol 899wgass
139309 MHO  SWYPMOHOMTJIO SbMM309wgdgb dolo LEHMIBHWOWWo Tobslosmgdwgdols
0960503060 905L. J0M0MSIE 3B5W0DEIds bLydo EGH030L Jobslinsmgdgwro:

1. 53793037960 AsbslosmgdErgdo

9m03o3L: 3MbsdgbEHM Lobdomgl (Fundamental Frequency, FO), blobdo®Mol (335¢09dsMdL,
593oGMEOl (33000 qd9dL, 35M3Mbomer  3033mbgBEHIOL. 5B dbmEo  3569TgEBHEMGOO
3bobOgL BAoL 0MA9BOL 30dMSE00L LGSO MOMBSBS s BMBs3O0L boOLbL.

2. 139d A0 Asbsli0sMYPdEYdO

139dBHOMEOo  BowoBo sGFsLYOL BAoL gbgeools  gobsfogdsl Lbgsslbgs LobdoMol
©0535Dmbdo. gl FsbolosMIOJIO RsOMOMP 49dM0Yxbgds MsbsdgEM™3zg BAol 5IMI36Md
LobGHYTPOLS S BOMEPMYO0YMHO LOYBIGIOL 3¢sl0B03S305T0.
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3. @OHMO0mO0 Fsbsl0s0gdEgdo

OMOMO  3BsoBo  5g35LgdL:  F9BY39gdol  LoBJsMgL,39mBGIOL  bobyMderogzmdsls,

ambs300l  MHY393™dsL,bbMI30m0 30300l (330 gdJOL.AMeEol  M3856MHOLMdOL
9900bg935d0  50b0dbmo  Fobolinsmgdgdo  Fgbsderms  sbsbsgzgl  MgLdoMsGHMOHYIO
5BH3060mM308 BOILMD 35380090 B6J30MO (33OEGOJOU.

3.2. 3567569900 Lfogagds s Mmds Lsgargdol seram®omdgdo

A5003E0wo  bAHSGOLAEH03WOO FJOMPIIOLYD  goblibgsggdom, Fsbdsbm®mo Lfsgzagdol
5EaMMH0m3goL 99999050 OO FMEWEMOOL I6535¢RbBMT0Egd0sbo Fmbsigdgdols
509853905 @5 0Ly 3MmI3gJuMo  35380MB0L  Q9dM3Wgbs, GMIWgdoE Fobolifom
239BLsBOZOMWO 303MmMIHJO0 Y3930l 396 0IBEHORBOEFOM©IdS.

3M35WMH0  00MmIoM39M9d0L 330939000 259mygbadmeos Lbgoolbgs doamds. MEMIS
UHo3egdol  8mEawgdo  aobL3MMOgdom  39ML3gdBHowwos  BAmzsbo  dmbsggdgdol

5b65¢0Bdo,  Mosb doon  Fgmdwosm  MIMewmE  bgowo  sombiogbsergdowsb
360036903560 obslosmgdEgdol 53EGMIsG M0 s0MMYdS.

3.3. LIsOGHRMEBY sBMI6JdMO M35 MO FmboEMMobyo

3Mm35¢MH0  d0mdsMm39M9gd0L  geo-9hmo  36008369wm3z560  M30MSGHILMDdS sl Fsm0
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Vocal Biomarkers in the Management of Heart Failure: Pathophysiological Basis,
Current Evidence, and Future Perspectives

Abstract

Introduction: Chronic heart failure (HF) represents a major challenge in contemporary
healthcare and is associated with a substantial risk of morbidity, mortality, and recurrent
hospitalization. Despite advances in pharmacological therapy, a proportion of patients remain at
high risk of decompensation following hospital discharge. Current remote monitoring strategies,
including daily body weight assessment and self-reported symptoms, often fail to detect fluid
retention and pulmonary congestion at an early stage. One of the major challenges in heart failure
management is the early detection of clinical deterioration, particularly during the stage when
fluid retention and pulmonary congestion begin to develop while overt clinical symptoms remain
minimal. Existing monitoring approaches do not always allow for the early identification of
underlying pathophysiological changes.

In recent years, advances in digital health and artificial intelligence (Al) technologies have
created new opportunities for the remote management of chronic diseases. Among these, vocal
biomarkers have attracted increasing interest. VVocal biomarkers are digital indicators derived
from acoustic characteristics of the human voice that may reflect underlying physiological
changes within the body.

Objective: The aim of this review is to evaluate the pathophysiological basis, current clinical
evidence, technological potential, and existing challenges associated with the use of vocal
biomarkers in heart failure management.

Methods: A narrative literature review was conducted. The literature search was performed using
the PubMed/MEDLINE, Scopus, and Web of Science databases. The following keywords were
7 “digital

used: “heart failure,” *“vocal biomarkers,” “voice analysis,” “artificial intelligence,
biomarkers,” and “remote monitoring.” Particular emphasis was placed on studies published
between 2020 and 2025 that investigated the association between vocal characteristics and the
clinical status of patients with heart failure, the risk of hospitalization, and the potential

applications of voice-based remote monitoring.

Key Findings: Existing studies suggest that specific acoustic characteristics of the human voice
may be associated with physiological changes occurring in patients with heart failure. Parameters
commonly evaluated in vocal biomarker analysis include jitter, which reflects short-term
variability in vocal fold vibration; shimmer, a measure of periodic variation in voice amplitude;
the harmonic-to-noise ratio (HNR); speech rate; phonation duration; and the temporal structure
of speech pauses. Artificial intelligence-based algorithms have demonstrated the potential to
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detect subtle changes in vocal characteristics that may be associated with the early stages of heart
failure deterioration.

However, the current evidence remains insufficient for definitive clinical implementation and
requires further validation, particularly through large-scale, multicenter studies conducted across
diverse patient populations.

Conclusion: Vocal biomarkers represent a promising emerging field in digital cardiology.
Although they cannot currently replace standard clinical assessment of heart failure, they may
serve as an additional digital tool for remote patient monitoring and early risk stratification.
Further research is required to establish their clinical effectiveness, reliability, and feasibility of
integration into routine clinical practice.

Keywords: heart failure; vocal biomarkers; artificial intelligence; digital biomarkers; remote
monitoring; voice analysis; digital health; personalized medicine.
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